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degree of frictional rigidity, then, upon passing one pole of a 
magnet above them, they would turn symmetrically in one direc¬ 
tion, and drawing the same pole of the magnet in the contrary 
direction would rotate them, and they would then remain sym¬ 
metrically in the opposite direction. 

A precisely similar effect takes place in a soft iron rod, placed 
east and west a few inches above a direction needle. Upon 
drawing the south pole of a powerful natural magnet at a few 
centimetres distance above the wire from east to west, the north 
polarities of the molecules successively turn in the direction of 
west, following the attraction of the south pole, as previously 
seen on the small compass needles. The rod is now magnetised 
with its north pole west, as indicated by the direction needle 
below any portion of this rod. Upon passing the same south 
pole of the natural magnet in a contrary direction, the molecules 
all rotate, their north poles still turning successively to the south 
pole of the permanent magnet until its arrival at the end from 
which the first magnetisation commenced. The rod has now 
entirely changed its polarity, and its north pole is east. 

This phenomenon is well known in the ordinary magnetisation 
of rods, where care is taken to draw the magnet always in a 
similar direction, or the poles would be reversed at each to and 
fro drawing. To account for this on Coulomb-Poisson’s theory 
it would be requisite that, first, all the fluids be separated with 
their north fluids symmetrically in one direction, but on drawing 
back the magnet these fluids would have to mix together, the 
north fluid passing through its south fluid to be finally opposite 
to its previous position, its coercive force doing the double work 
of allowing both fluids to mix and pass through each other, and 
finally keep them entirely apart. Ampere’s theory would require 
that from a haphazard arrangement the molecules should become 
symmetrically arranged upon the first passage of the magnet, 
then upon its reversed direction one-half of the electric elemen¬ 
tary currents should successively revolve in a contrary direction 
to arrive at neutrality before, finally, the other half followed 
the direction of the first half, and now all these currents would 
oe revolving in the opposite direction to that upon the first 
magnetisation. We thus see that both these theories, whilst 
resting altogether upon assumption, are extremely complicated 
and improbable. 

We might suppose, from the theory which I am advocating, 
that upon the rotation of the molecules there would be some 
disturbance or mechanical trepidation ; and such is found to be 
the case, as first observed by Page and afterwards verifled by Dr. 
Joule and De la Rive, in the molecular sounds produced in iron 
upon, its magnetisation. Reis’s first telephone was founded upon 
these sounds, and Du Moncel has made numerous researches upon 
this subject. 

In the last of my experiments cited the sounds are too feeble 
to be heard, but by the application of the microphone these 
trepidations at once become audible. 

That molecules of iron and other metals rotate with time, 
whose period becomes shortened by mechanical vibrations, is 
well known in metallurgy, the ultimate result being generally the 
passage from a fibrous condition, as in iron wires, to a high degree 
of crystallisation. For many years I employed a circular vibrating 
spring as the regulator of speed of my printing telegraph instru¬ 
ment, and although this spring was so regulated by means cf a 
frictional break, or “ Frein,” as not to surpass its limits of 
elasticity, the^e springs were constantly breaking after a few days’ 
use, and as a matter of urgent necessity I made special researches 
into the cause of this breaking after a few days’ constant vibra¬ 
tory action. I found at the point of rupture a high state of 
crystallisation. Fibrous iron would thus become thoroughly 
crystallised and break in one day ; the number of vibrations for 
an instrument in constant use during 24 hours being 1,209,600. 
Thus we could roughly estimate the life of iron in the form of 
one of these springs at 1,000,000 vibrations. Copper crystal¬ 
lised in one hour, and all metals and alloys were inferior to steel, 
except aluminium bronze. The latter springs would stand six 
weeks’ constant use, or some 50,000,000 of vibrations. I finally 
resolved this problem by spreading the amount of vibrating work 
over a spiral spring containing 3 metres of steel rod wound into 
the same space as previously held by the straight rod of 30 
centimetres ; by this means the average life of these springs has 
become five years. Evidently the molecules of these fibrous 
springs must have rotated under the vibrations, in order to 
produce crystals. The same phenomenon is observed in axles 
of carriages receiving constant trepidations, large crystals being 
always found at the point of fracture. Again, if we rapidly 


magnetise and demagnetise an iron rod, we have the production 
of evident heat, due to the constant motion of its molecules. 

Maxwell describes an experiment of Reetz, in which an 
exceedingly small filament of iron was deposited by electrotype, 
under the influence of a strong magnetic field, in order to arrive 
at the inherent polarity of comparatively few molecules, and, as 
its magnetic force was very great, he regards the experiment as 
conclusive. My own experiments show that we have far less 
external magnetic force from a solid bar than from a thin tube or 
flat bar of the same surface exposed to a limited exciting cause. 
We know that magnetism does not penetrate to a very great 
depth, and we also know that, if to a thin steel permanent 
magnet we place another piece itmnagnetised, or, better still, a 
rod of soft iron, its external polarity is greatly reduced, conse¬ 
quently the external evidence of polarity is not a direct measure of 
the degree of rotation, nor of the total inherent polarity of its 
mass. We may have a great superficial external rotation super¬ 
posed upon rotations of an opposite nature, as will be seen 
later; and thus the internal molecules of a magnet often act 
more or less as an external armature in closing its circle of 
attractions. 

I have stated my belief that the molecule itself possesses its 
inherent polarity, which, like gravity, is an endowed quality for 
which we have no more reason to suspect the cause to be ele¬ 
mentary electric currents than that elementary currents should 
be the cause of gravity, chemical affinity, or cohesion, and its 
polar power of crystallisation, most of which are affected by an 
electric current. We have a certain analogy between electric 
currents and magnetism, but not so great as the analogy between 
the magnetic polarity of a molecule and its other endowed 
qualities. 

Magnetism, like chemical affinity, cohesion, and crystallisation, 
has its critical points. Faraday discovered that at red-yellow 
heat iron instantly lost its apparent polar magnetic power, to be 
as instantly restored at red heat, the critical point varying in 
iron, steel, &c., and being the lowest in nickel. This would be 
difficult to explain upon Ampere’s theory, as we should have to 
admit the instant destruction or cessation of the elementary cur¬ 
rents, to be again restored at a few degrees less temperature. It 
would be equally difficult to explain under my view, if it did not 
belong to a whole class of phenomena due to the possession by 
the molecules of various endowed qualities, of which chemistry 
and all our means of research can only teach us their critical 
points, without attempting to explain why, for instance, iron has 
a greater affinity for oxygen than gold. We know that it is so ; 
we know that the molecules of all matter are endow ed with 
certain qualities having certain critical points, and I can see no 
reason for separating their magnetic inherent polarity from their 
numerous other qualities. 

(To be continued,\) 


METERS FOR POWER AND ELECTRICITY 1 

WHY subject of this evening’s discourse, “ Meters for Power 
and Electricity,” is unfortunately, from a lecturer’s point 
of view, one of extreme difficulty; for it is impossible to fully 
describe any single instrument of the class without diving into 
technical and mathematical niceties which this audience might 
well consider more scientific than entertaining. If then in my 
endeavour to explain these instruments and the purposes which 
they are intended to fulfil in language as simple and as untechnical 
as possible, I am not as successful as you have a right to expect, 
I must a-k you to lay some of the blame on my subject and not 
all on myself 

I shall at once explain what I mean by the term “meter,” 
and I shall take the flow of water in a trough as an illustration 
of my meaning. If we hang in a trough a weighted board, 
then when the water flows past it the board will be pushed back; 
when the current of water is strong the board will be pushed 
back a long way; when the current is less it will not be pushed 
so far ; when the water runs the other way the board will be 
pushed the other way. So by ob erving the position of the 
board we can tell how strong the current of water is at any 
time. Now suppose we wish to know, not how strong the cur¬ 
rent of water is at this time or at that, but how much water 
altogether has passed through the trough during any time, as 
for instance one hour. Then if we have no better instrument 
than the weighted board, it will be necessary to observe its 

1 Lecture at the Royal Institution, by Mr. C. Vernon Boys, March 2. 
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position continuously, to keep an exact record of the correspond¬ 
ing rates at which the water is passing, every minute, or, better, 
every second, and to add up all the values obtained. This 
would of course be a very troublesome process. There is an¬ 
other kind of instrument which may be used to measure the 
How of the water : a paddle-wheel or screw. When the water 
is flowing rapidly the wheel will turn rapidly ; when slowly, 
the wheel will turn slowly ; and when the water flows the other 
way the wheel will turn the other way, so that if we observe 
how fast the wheel is turning we can tell how fast the water is 
flowing. If now we wish to know how much water altogether 
has passed through the trough, the number of turns of the 
wheel, which may be shown by a counter, will at once tell us. 
There are therefore in the ease of water two kinds of instru¬ 
ments, one which measures at a time, and the other during a 
time. The term meter should be confined to instruments of the 
second class only. 

As with water so with electricity, there are two kinds of mea¬ 
suring instruments, one, of which the galvanometer may be 
taken as a type, which shows by the position of a magnet how 
strong a current of electricity is at a time, and the other, which 
shows how much electricity has passed during any time. Of 
the first, which are well understood, I shall say nothing ; the 
second, the new electric meters and the corresponding meters 
for power, are what I have to speak of to-night. 

It is hardly necessary for me to mention the object of making 
electric meters. Every one who has had to pay his gas bill once 
a quarter probably quite appreciates what the electric meters are 
going to do, and why they are at the present time attracting so 
much attention. So soon as you have electricity laid on in your 
homes, as gas and water are laid on now, so soon will a meter 
of some sort be necessary in order that the companies which 
supply the electricity may be able to make out their quarterly 
bills, and refer complaining customers to the faithful indications 
of their extravagance in the mysterious cupboard in which the 
meter is placed. 

The urgent necessity for a good meter has called such a host 
of inventors into the field that a complete account of their 
labours is more than any one could hope to give in an hour. 
Since I am one of this host I hardly like to pick out those in¬ 
ventions which 1 consider of value. I cannot describe all, I cannot 
act as a judge and say these only are worthy of your attention, 
and I do not think I should be acting fairly if I were to describe 
my own instruments only and ignore those of every one else. 
The only way I see out of the difficulty is to speak more par¬ 
ticularly about my own work in this direction, and to speak 
generally on the work of others, 

I most now ask you to give your attention for a few' minutes 
to a little abstract geometry. We may represent any changing 
quantity, as for instance the strength of an electrical current, by 
a crooked line. For this purpose we must draw a straight line 
to represent time, and make the distance of each point of the 
crooked line above the straight line a measure of the strength 
of the current at the corresponding time. The size of the figure 
will then measure the quantity of electricity that has passed, 
for the stronger the current is the taller the figure will be, 
and the longer it lasts the longer the figure will be, either 
cause makes both the quantity of electricity and the size of the 
figure greater and in the same proportion ; so the one is a mea¬ 
sure of the other. Now it is not an easy thing to measure the 
size of a figure : the distance round it tells nothing ; there is, 
however, a geometrical method by which its size may be found 
Draw another line, with a great steepness where the figure^ is 
tall, and with a less steepness where the height is less, and with 
no steepness or horizontal where tbe figure has no height. If 
this is done accurately, the height to which the new line reaches 
will measure the size of the figure first drawn ; for the taller the 
figure is, the steeper the hill will be ; the longer the figure, the 
longer the hill; either cause makes both the size of the figure 
and the height of the hill greater, and in the same proportion ; 
so the one is a measure of the other ; and so, moreover, is the 
height of the hill, which can be measured by a scale, a measure 
of the quantity of electricity that has passed. 

The first instrument that I made, which I have called a “cart ” 
integrator, is a machine which, if the lower figure is traced out, 
will°describe the upper. I will trace a circle ; the instrument 
follows the curious bracket-shaped line that I have already made 
sufficiently black to be seen at a distance, the height of the new 
line measures the size of the circle, the instrument has squared 
the circle. This machine is a thing of mainly theoretical interest, 


my only object in showing it is to explain the means by which I 
have developed a practical and automatic instrument of which I 
shall speak presently. The guiding principle in the cart inte¬ 
grator is a little three-wheeled cart, whose front wheel is con¬ 
trolled by the machine. This, of course, is invisible at a distance, 
and therefore I have here a large front wheel alone. On 
moving this along the table, any twisting of its direction instantly 
causes it to deviate from its straight path ; now suppose 1 do 
not let it deviate, but compel it to go straight, then at once a 
great strain is put upon the table which is urged the other way. 
If the table can move it will instantly do so. A table on rollers 
is inconvenient as an instrument, let us therefore roll it round 
into a roller, then on moving the wheel along it the roller will 
turn, and the amount by which it turns will correspond to the 
height of the second figure drawn by the cart integrator. If, 
therefore, the wheel is inclined by a magnet under the influence 



Fig. 1. 


of an electric current, or by any other cause, the whole amount 
of which we wish to know, then the number of turns of the 
roller will tell us this amount; or to go back to our water 
analogy, if we had the weighted board to show current strength, 
and had not the paddle-wheel to show total quantity, we might 
use the board to incline a disk in contact with a roller, and then 
drag the roller steadily along by clockwork. The number of 
turns of the roller would give the quantity of water. Instru¬ 
ments that will thus add up continuously indications at a time, 
and so find amounts during a time, are called integrators. 

The most important application that I have made at present 
of the integrator described is what I have called an engine- 
power meter. The instrument is on the table, but as it is far too 
small to be seen at a distance, I have arranged a large model to 
illustrate its action. The object of this machine is to measure 
how much work an engine has done during any time, and show 




the result on a dial, so that a workman may read it off at once 
without having to make any calculations. 

Before I can explain how' work is measured, perhaps I had 
better say a few' words about the meaning of the word “ w'ork. 
Work is done when pressure overcomes resistance, producing 
motion. Neither motion nor pressure alone is work. The two 
factors, pressure and motion, must occur together. The work 
done is found by multiplying the pressure by the distance moved. 
In an engine, steam pushes tbe piston first one way, then the 
other, overcomes resistance, and does work, lo find this, we 
must multiply the pressure by the motion at every instant, and 
add all the products together. This is what the engine-power 
meter does, and it shows the continuously growing result on a 
dial. When the piston moves it drags the cylinder along, where 
the steam presses the wheel is inclined. Neither action alone 
causes the cylinder to turn, but when they occur together the 
cylinder turns, and the number of turns registered on a dial 
shows with mathematical accuracy how much work has been 
done. 

In the steam-engine work is done in an alternating manner, 
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and it so happens that this alternating action exactly suits the 
integrator. Suppose, however, that the action whatever it may 
be, which we wish to estimate is of a' continuous kind, such for 
instance as the continuous passage of an electric current. Then, 
if by means of any device, we can suitably incline the wheel, so 
long as we keep pushing the cylinder along, so long will its 
rotation measure and indicate the result; but there must come a 
time when the end of the cylinder is reached. If then we drag 
it back again, instead of going on adding up, it will begin to 
take off from the result, and the hands on the dial will go back¬ 
wards, which is clearly wrong. So long as the current continues, 
so long must the hands on the dial turn in one direction. This 
effect is obtained in the instrument now on the table, the electric 
energy meter, in. this way. Clockwork causes the cylinder to 
travel backwards and forwards by means of what is called a 



mangle motion, but instead of moving always in contact with 
one wheel, the cylinder goes forward in contact with one, and 
back in contact with another on its opposite side. In this in¬ 
strument the inclination of the wheels is effected by an arrange¬ 
ment of coils of wire, the main current passing through two fixed 
concentric solenoids, and a shunt current through a great length 
of fine wire on a movable solenoid, hanging in the space between 
the others. The movable portion has an equal number of turns 
in opposite directions, and is therefore unaffected by magnets 
held near it. The effect of this arrangement is that the energy 
of the current, that is, the quantity multiplied by the force driving 
it, or the electrical equivalent of mechanical power, is measured 
by the slope of the wheels, and the amount of work done by 
the current during any time, by the number of turns of the 
cylinder, which are registered on a dial. Professors Ayrton and 



Perry have devised an instrument which is intended to show the 
same thing. They make use of a clock, and cause it to go too 
fast or too slow by the action of the main on the shunt current; 
the amount of wrongness of the clock, and not the time shown, 
is said to measure the work done by the current. This method 
of measuring the electricity by the work it has done is one which 
has been proposed to enable the electrical companies to make out 
their bills. 

The other method is to measure the amount of electricity that 
has passed without regard to the work done. There are three 
lines on which inventors have worked for this purpose. The 
first, which has been used in every laboratory ever since elec¬ 
tricity has been understood, is the chemical method. When 


electricity passes through a salt solution, it carries metal with it, 
and deposits it on the plate by which the electricity haves the 
liquid. The amount of metal deposited is a measure of the 
quantity of electricity. Mr. Sprague and Mr. Edison have 
adopted this method ; but as it is impossible to allow the whole 
of a strong current to pass through a liquid, the current is 
divided ; a small proportion only is allowed to pass through. 
Provided that the proportion does not vary, and that the metal 
never has any motions on its own account, the increase in the 
weight of one of the metal plates measures the quantity of 
electricity. 

The next method depends on the use of some sort of inte¬ 
grating machine, and this being the most obvious method, has 
been attempted by a large number of inventors. Any machine 
of this kind is sure to go, and is sure to indicate something, 
which will be more nearly a measure of the electricity, as the 
skill of the inventor is greater. 

Meters for electricity of the third class are dj-namical in their 
action, and I believe that what I have called the vibrating meter 
was the first of its class. It is well known that a current passing 
round iron makes it magnetic. The force which such a magnet 
exerts is greater when the current is greater, but it is not simply 
proportional; if the current is twice or three times as strong, 
the force is four times or nine times as great, or generally the 
force is proportional to the square of the current. Again, when 
a body vibrates under the influence of a controlling force, as a 
pendulum under the influence of gravity, four times as much 
force is necessary to make it vibrate twice as fast, and nine times 
to make it vibrate three times as fast; or generally the square of 
the number measures the force. I will illustrate this by a model. 
Here are two sticks nicely balanced on points, and drawn into a 
middle position by pieces of tape to which weights may be hung. 
They are identical in every respect. I will now hang a I lb. 
weight to each tape, and let the pieces of wood swing. They 



keep time together absolutely. I will now put 2 lbs. on one 
tape. It is clear that the corresponding stick is going faster, 
but certainly not twice as fast. I will nowhang on 4 lbs. One 
stick is going at exactly twice the pace of the other. To make 
one go three times as fast, it is obviously useless to put on 3 lbs., 
for it takes 4 to make it go twice as fast. I will hang on 9 lbs. 
One now goes exactly three times as fast as the other. I will 
now put 4 lbs. on the first, and leave the 9 lbs. on the second; 
the first goes twice while the second goes three times. If instead 
of a weight we use electromagnetic force to control the vibra¬ 
tions of a body, then twice the current produces four times the 
force, four times the force produces twice the rate ; three times 
the current produces nine times the force, nine times the force 
produces three times the rate, and so on ; or the rate is directly 
proportional to the current strength. There is on the table a 
working meter made on this principle. I allow' the current that 
passes through to pass also through a galvanometer of special 
construction, so that you can tell by the position of a spot of 
light on a scale the strength of the current, At the present time 
there is no current; the light is on the zero of the scale, the 
meter is at rest. I now allow' a current to pass from a battery of 
the new Faure-Sellon-Volckmar cells which the Storage Com¬ 
pany have kindly lent me for this occasion. The light moves 
through one division on the scale, and the meter has started. I 
will ask you to observe its rate of vibration. I will now double 
the current; this is indicated by the light moving to the end of 
the second division on the scale : the meter vibrates twice 2s 
fast. Now the current is three times as strong, now four times, 
and so on. You will observe that the position of the spot of 
light and the rate of vibration always correspond. Every vibra¬ 
tion of the meter corresponds to a definite quantity of electricity, 
and causes a hand on a dial to move on one step. By looking at 
the dial, we can see how many vibrations there have been, 
and therefore how mucli electricity has passed. Just as the 
vibrating sticks in the model in time come to rest, so the 
vibrating part of the meter would in time do the same, if it 
were not kept going by an impulse automatically given to it 
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when required. Also, just as the vibrating sticks can be timed 
to one another by sliding weights along them, so the vibrating 
electric meters can be regulated to one another, so that all shall 
indicate the same value for the same current, by changing the 
po ition or weight of the bobs attached to the vibrating arm. 

The other meter of this class, Dr. Hopkinson’s, depends on 
the fact that centrifugal force is proportional to the square of 
the angular velocity. He therefore allows a little motor to 
drive a shaft faster and faster, until centrifugal force overcomes 
electromagnetic attraction, when the action of the motor ceases. 
The number of turns of the motor is a measure of the quantity 
of electricity that has passed. 

I will now pass on to the measurement of power transmitted 
by belting. The transmission of power by a strap is familiar to 
every one in a treadle sewing-machine or an ordinary lathe. 
The driving force depends on the difference in the tightness of 
the two sides of the belt, and the power transmitted is equal to 
this difference multiplied by the speed ; a power-meter must, 
therefore, solve this problem -it must subtract the tightness of 
one side from the tightness of the other side, mulriply the differ¬ 
ence by the speed at every instant, and add all the products 
together, continuously representing the growing amount on a 
dial. I shall now show for the first time an instrument that I 
have devised, that will do all this in the simplest possible 
manner. I have here two wheels connected by a driving 
band of indiarubber, round which I have tied every few 
inches a piece of white silk ribbon. I shall turn one a little 
way, and hold the other. The driving force is indicated by a 
difference of stretching, the pieces of silk are much further apart 
on the tight side than they are on the loose. I shall now turn 
the handle and cause the wheels to revolve ; the motion of the 
band is visible to all. The indiarubber is travelling faster on 
the tight side than on the loose side, nearly twice as fast; this 
must be so, for as there i, le s material on the tight side than on 
the loose, there would be a gradual accumulation of the india- 
rubber round the driven pulley, if they travelled at the same 
speed ; since there is no accumulation, the tight side must travel 
the faste-t. Now it may be shown mathematically that the 
difference in the speeds is proportional b >th to the actual speed 
and to the driving strain : it is therefore a measure of the power 
or work being transmitted, and the difference in the distance 
travelled is a measure of the work done. I have here a work¬ 
ing machine which shows directly on a dial the amount of 
work done; this I will show in action directly. Instead of 
indiarubber, elastic steel is used. Since the driving-pulley has 
the velocity of the tight side, and the driven of the loose side of 
the belt, the difference in the number of their turns, if they are 
of equal size, will measure the work. This difference I measure 
by differential gearing which actuates a hand on a dial. I may 
turn the handle as fast as I please; the index does not move, 
for no work is being done. I may hold the wheel and pro¬ 
duce a great driving strain; again the index remains at rest, 
for no work is being done. I now turn the handle quickly, and 
lightly touch the driven wheel with my finger. The resistance, 
small though it is, has to 'be overcome; a minute amount of 
work is being done, the index creeps round gently. I will now 
put more pressure on my finger, more work is being done, the 
index is moving faster; whether I increase the speed or the 
resi-tance the index turns faster; its rate of motion measures 
the power, and the distance it has moved, or the number of 
turns, measures the work done. That this is so I will show by 
an experiment. I will wind up in front of a scale a 7 lb. weight; 
the hand has turned one-third round. I will now wind a 28 lb. 
weight up the same height; the hand has turned four-thirds of 
a turn. There are other points of a practical nature with regard 
to this invention which I cannot now describe. 

There is one other class of instruments which I have developed 
of which time will let me say very little. The object of this 
class of instruments is to divide the speed with which two regis¬ 
trations are being effected, and continuously record the quotient. 
In the instrument on the table two iron cones are caused to 
rotate in time with the registration; a magnetised steel reel 
hangs on below. This reel turns about, and runs up or down 
the cones until it finds a place at which it can roll at ease. Its 
position at once indicates the ratio of the speeds which will be 
efficiency, horse-power per hour, or one thing in terms of 
another. Just as the integrators are derived from the steering 
of an ordinary bicycle, so this instrument is derived from the 
double steering of the “ Otto ” bicycle. 

Though I am afraid that I have not succeeded in the short 


time at my disposal in making clear all the points on which I 
have touched, yet I hope that I have done something to remove 
the very prevalent opinion that meters for power and electricity 
do not exist. 


THE PERMIAN SYSTEM IN RUSSIA 1 
A QUESTION which has during the last few years occupied 
Russian geologists is whether the upper horizon of the 
“ mottled marls,” which were considered by Murchison as Per¬ 
mian, must be still regarded as such, or rather as a member 
of the Trias—an opinion strongly advocated by several eminent 
geologists in Russia. The question is a large one, the mottled 
marls being the most widely-spread member of Murchison’s 
Permian formation in Russia, and covering it almost on the 
whole of the surface it occupies in Russia in Europe. Were the 
Triassic origin of the mottled marls an established fact, the 
whole aspect of a geological map of Russia would be changed, 
and so it was on the map published in 1870 by a late member of the 
Academy, M. Helmersen, and on the map of the western slope 
of the Ural Mountains by Prof. Meller. The question is thus 
the subject of much controversy, and a whole series of papers 
is devoted to it in the Memoirs of the Kazan Society of Naturalists 
and elsewhere. The last of this series is a paper by Prof. 
Stuckenberg, which states the present aspect of the question 
and enables us to summarise the controversy in its broad 
features. 

Murchison’s Permian system covers, as is known, no less than 
6600 square miles in eastern Russia, from the province of Arch¬ 
angel in the north to that of Ufa in the south, and from 
Nijni-Novgorod in the west to Perm and Orenburg in the east ; 
isolated islands of it appear on the surface in the provinces of 
Astrakhan, Kharkov, and Ekaterinoslav. The evidence itself 
of the basin where the Permian formation was deposited neces¬ 
sarily implies a great variety of lithological characters, and in 
fact it includes, besides the dolomitic limestones, a very great 
variety of marls, clays, sandstones, and conglomerates, the lime¬ 
stones occupying separate basins in the middle parts, whilst the 
marls, clays, sandstones, and conglomerates have the appearance 
of coast deposits of the Permian Sea. 

In the central parts of the basin (Kazan, Samara), the dolo¬ 
mitic limestones are covered with a thick sheet of mottled marls, 
with sandstones, conglomerates, clays, and isolated thinner sheets 
of a tuff-like limestone. This series covers, however, not only 
the dolomitic limestone but also, as has been said, nearly the 
whole of the Permian deposits of European Russia, confounding 
itself with the Permian marls and sandstones, as is, for instance, 
the case—M. Stuckenberg say.—in the provinces of Vyatka, 
Nijni-Novgorod, Kazan, and Samara. Palaeontological evidence, 
however, is scarce as to the upper mottled marls, so that Murchi¬ 
son himself made the suggestion that they may belong perhaps 
to a more recent formation ; he even proposed to give them on 
his map a lighter colour than the remainder of the Permian 
formation. 

The mottled marls were considered as Permian until 1855, 
when Prof, Wagner published a geological map in which he 
classified them as Triassic. Later on, Marcou, tin 1858, and 
Ludwig, in his “Dias and Trias,” in 1859, arrived, independ¬ 
ently of Prof. Wagner, at the same conclusion. In 1864 Prof. 
Barbot de Marny discovered in a sandstone belonging to this 
group a fragment of an Equisetites columnaris, Sternb. ( Cala- 
mites arenaceus, Brongn.), and this discovery, confirming former 
stratigraphical and lithological considerations, induced the 
majority of Russian ge dogists to consider since the mottled 
marls as a part of the Trias. This view was adopted, as said, 
by Helmersen and by Prof. Meller. But still, as the mottled 
marls are very poor in organic remains, and the whole question 
beset with difficulties, the controversy continued. Murchison 
found in these marls small Cythevince and shells like Cyclas , 
together with some remains of fishes and casts of Mytttus. Prof. 
Golovkinsky discovered microscopic remains of crustaceans and 
some fragments of shells, whilst the late M. Eichwald found 
remains of Estheria exigua and Beyrichia Pyrrhtz, in a deposit 
which M. Stuckenberg considers as belonging to the same group. 
As to the find by Prof. Wagner of the Voltzia heterophylla at 
Abdi, close by Mamadysh, together with remains of the fishes 
Amblypterus Alberti and Saurichthys Mmgeoti, M. Stuckenberg 

1 “The Upper Mottled Marls and their Relations to other Members of 
the Permian System,” by A. Stuckenberg. {Memoirs of the Kazan Society 
of Naturalists, vol. xi. fasc. 2 ; Kazan, 1882. 


© 1883 Nature Publishing Group 






